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OBJECTIVE: The aim of this study was to determine the effects of occupational noise on sound localization in 
different spatial planes and frequencies among normal hearing firefighters. 

METHOD: A total of 29 adults with pure-tone hearing thresholds below 25 dB took part in the study. The 
participants were divided into a group of 19 firefighters exposed to occupational noise and a control group of 
10 adults who were not exposed to such noise. All subjects were assigned a sound localization task involving 
117 stimuli from 13 sound sources that were spatially distributed in horizontal, vertical, midsagittal and 
transverse planes. The three stimuli, which were square waves with fundamental frequencies of 500, 2,000 and 
4,000 Hz, were presented at a sound level of 70 dB and were randomly repeated three times from each sound 
source. The angle between the speaker's axis in the same plane was 45°, and the distance to the subject was 
1 m. 

RESULT: The results demonstrate that the sound localization ability of the firefighters was significantly lower 
(p<0.01) than that of the control group. 

CONCLUSION: Exposure to occupational noise, even when not resulting in hearing loss, may lead to a 
diminished ability to locate a sound source. 
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■ INTRODUCTION 

Sound localization is a human task that is performed 
reasonably accurately using binaural hearing. This function 
is compromised by hearing loss (1,2) or dysfunction of the 
central auditory nervous system pathways. 

The capacity to identify the origin of a sound source is a 
fundamental feature of human development and is of great 
importance in the formation of environment perception. 
Additionally, it provides valuable information regarding 
ongoing events, mainly those that are occurring out of the 
visual field. In adults, this ability is especially important for 
communication and the performance of occupational and 
safety-related tasks (3). 

Some authors (4-6) have discussed the influence of 
hearing training on spatial sound identification; thus, 
we were interested in comparing the spatial sound 
identification capacity of firefighters with that of a control 
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group to investigate the effects of daily occupational noise 
exposure on sound localization capacity. Importantly, in 
many cases, hearing is the only sense that firemen can use to 
carry out rescues. 

Sound localization can be improved with auditory 
training. This phenomenon is known to occur in musicians, 
acoustic engineers, firefighters, and others (4-7). However, 
workers who are exposed to occupational noise, such as 
firefighters, must orient themselves using sound, including 
(8) fire station and fire truck sirens as well as urban noises 
that are inherent to the profession (9). 

The aim of this study was to determine the effects of 
occupational noise exposure on sound localization among 
normal hearing professional firefighters in different spatial 
planes and frequencies. 

■ METHODS 

Subjects 

Nineteen firefighters (fifteen men and four women) took 
part in this experiment. All had pure-tone thresholds that 
were less than or equal to 25 dB hearing level for 
frequencies between 250 and 8,000 Hz. Additionally, the 
hearing differences between the ears of these subjects was 
less than or equal to 10 dB at each frequencies. The acoustic 
reflexes of the participants were confirmed using type A 
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tympanogram testing. All subjects had a minimum 72-hour 
auditory resting period. The subjects were between 23 and 
41 years of age. None of the individuals had previous 
experience in psychoacoustic tasks, and they had worked as 
firefighters for at least three years. The control group 
included ten normal hearing individuals (five men and five 
women) that were 20 to 45 years of age. These participants 
had no sound exposure and exhibited the same audiological 
parameters mentioned earlier for the firefighters. The 
firefighters, therefore, represented a group who were 
previously exposed to noise. All tests were performed in 
the same ambient conditions for both groups. 

The participants were not remunerated and consisted of 
local professionals that accepted an invitation to be included 
in the study. The study was conducted in an acoustic 
laboratory in our institution. 

Experimental design 

The equipment used to determine the spatial sound 
localization ability of the participants was conceived and 
developed in the Department of Biophysics and 
Radiobiology of the Federal University of Pernambuco 
(UFPE), based on a number of existing models. The 
instrument consisted of a 2 m x 0.5 cm horizontal structure 
of circular aluminum bars with a radius of 1 m. Speakers 
were fixed at 45° between each of the bars and two other 
perpendicular semicircles with the same width, and they 
were offset by 90°. These semicircles had one central speaker 
and four speakers on each side with 45 ° elevation, for a total 
of thirteen sound sources. The device, which was composed 
of a metallic structure, speakers, cables and consoles, was 
designated as the Spatial Sound Perception Analyzer 
(ASPE). The individuals tested were instructed to indicate 
the origin of each sound source using push buttons that 
represented each sound source, according to the sequence 



presented by the researcher in a 3 x 3 m reverberating room 
(6). 

The sound stimuli selected were square waves, and three 
tests were conducted with each of the individuals, using 
different square waves for each test. These tests included 
fundamental frequencies of 500, 2,000 and 4,000 Hz. All of 
the stimuli were presented for one-second durations at an 
intensity of 70 dBA. The test consisted of sound stimuli 
(three square waves) that were randomly repeated three 
times in each sound source (13 speakers), constituting 117 
stimuli. Subjects were trained for 30 minutes before the test 
to allow for adaptation to the system. 

The data were processed using the SPSS 11.01 software, 
and the means, standard deviations, 10 th and 90 th percen- 
tiles and hypothesis tests are presented in tabular and 
graphical forms. 

The total number of the correct sound source localizations 
in the control group was compared with that of the test 
group using the Student's t-test, and the planes and 
frequencies were compared using an analysis of variance 
(ANOVA), followed by a Tukey's test. The values were 
considered significant when p was less than 0.05 (p<0.05). 

The protocol for this study (no. 1182003) is based on 
CNS/MS (National Health Council /Ministry of Health) 
resolutions 196/96 and 251/97 for studies with humans and 
was approved by the Alagoas State University of Health 
Sciences Ethics Committee (Alagoas, Brazil). 

■ RESULTS 

The results were obtained from a cohort of fifteen men 
and four women (n = 19). The test subjects' ages ranged 
from 23 to 41 years (mean = 31.4 with a standard deviation 
of 5.5 years, and the 10 th and 90 th percentiles were 23 and 40 
years, respectively). The control group ages ranged between 
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Figure 1 - A comparison of the average percentage of correct sound localization responses for each plane. 



84 



CLINICS 2014;69(2):83-86 



Sound localization and occupational noise 
Menezes PL et al. 



5? 




500 Hz 



2000 Hz 



Frequency 



4000 Hz 



Figure 2 - A comparison of the average percentage of success 
(correct responses) among the frequencies. 

20 and 45 years (mean = 29.6 with a standard deviation of 6.2 
years). 

Correct sound source localization by the normal hearing 
firefighters is depicted in Figure 1. A higher percentage of 
correct responses was observed in the horizontal plane, 
followed by the frontal and vertical planes, where the 
numbers of correct answers were equal. 

Utilization of the ANOVA and Tukey's tests, however, 
demonstrated that the percentage of correct sound localiza- 
tion responses was statistically significant in the horizontal 
plane (/? = 0.01). Conversely, those in the frontal plane were 
not statistically identical to the vertical plane (/? = 0.03). The 
responses between the frontal and vertical planes were only 
equal with regards to the mean. 

Figure 2 presents the firefighters responses in relation to 
the frequencies used. Very similar values were observed, 
and the mean percentages of correct answer for the 500, 
2,000 and 4,000 Hz frequencies were 31.9%, 30.4% and 
28.07%, respectively. 

Differences between the frequencies, as determined by the 
ANOVA and Tukey tests, were not statistically significant 
(Table 1). A comparison between the results obtained from 
the firefighter group and the control group is illustrated in 
Figure 3. The numbers of correct responses, by spatial plane, 
between the control and test groups were significantly 
different (with /^-values less than 0.01, after applying the 
Student's t-test). 

Figure 4 compares the mean correct responses between 
the control and test groups according to the stimulus 
frequency. The control group obtained means that were 
24%, 21% and 25% higher than those of the test group for 
the 500, 2,000 and 4,000 Hz frequencies, respectively. 

A comparison of the responses between the groups 
revealed that the number of correct responses was greater 
in the control group at all frequencies (pvalues were less 
than 0.01 using the Student's t-test). 



Table 1 - Firefighters responses in relation to the 
frequencies used (500, 2,200 and 4,000) (Figure 2). 



Frequencies 


p-values 


500-2,000 Hz 


0.829 


500-4,000 Hz 


0.276 


2,000-4,000 Hz 


0.606 
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Figure 3 - A comparison of the average percentage of success 
between the groups according to plane. 

■ DISCUSSION 

The results of this research demonstrated that sound 
localization is more efficient in the horizontal plane, which 
is consistent with earlier studies (4-6). These findings are 
explained by the greater interaural differences in this plane 
than in the others. 

Previous studies (5) reported that localization in the 
frontal plane could sometimes be considered similar to that 
of the vertical plane, but not necessarily identical, as was 
determined here. 

With respect to the frequencies used in the present study, 
there was a similarity in the correct responses at 500, 2,000 
and 4,000 Hz. This finding contrasts with a previous study 
(10), in which it was reported that a lower index of correct 
responses occurred at 2,000 Hz. 

At a frequency of 2,000 Hz, sound reaches both ears at the 
same time and with the same intensity because this 
frequency has a wavelength that is similar to the size of 
human head (6). The similar responses among the three 
frequencies studied can be explained by two factors. First, 
narrow band tones are more difficult to localize (11). 
Second, firefighters are exposed to noises that diminish 
localization acuity such that no differences between the 
frequencies are detected (9). 

When the sound localization tests between the control 
and test groups were compared between the groups with 
relation to the planes of the stimuli and the frequencies 
used, the control group performed better in both instances. 
This finding reinforces the results obtained from earlier 
studies (9), in which it was reported that previous exposure 
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Figure 4 - A comparison of the average percentage of success 
between the groups according to frequency. 
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to noise could lead to reduced sound source identification. 
However, we found no report on the effects of prolonged 
noise exposure (at least three years) in professionals in which 
a minimum rest period of 72 hours was applied in normal 
hearing firefighters, as was done in the present study. 

Even though firefighters undergo unconditional auditory 
training, which improves sound localization (12,13), this 
improvement was not observed, or was masked by noise 
exposure. The results suggest that firefighters should be 
enrolled in a hearing conservation program because, 
although it did not cause hearing loss in the subjects 
studied, noise exposure may compromise sound source 
localization, which is vital in this profession. 

With regard to the spatial plane, the firemen in the 
present study had the highest number of correct responses 
in the horizontal plane, followed by the frontal and vertical 
planes. Additionally, the percentages of correct answers for 
the frequencies studied were very similar. The numbers of 
correct sound source localization responses were lower than 
those in a control population that was not exposed to noise. 
These findings are important because they demonstrate that 
it is necessary to consider the measures that should be taken 
to preserve the hearing of these professionals. 
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